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ABSTRACT

Interleukin (IL)-10 is a potent immunosuppressive cytokine that has
been found to be present at the tumor site in a wide variety of human
cancers, including transitional cell carcinoma of the bladder. Using a
murine bladder tumor (MB49), which we show to express the male
transplantation antigen (HY), we tested the hypothesis that IL-10 at the
tumor site can block the generation of a tumor-specific type 1 immune
response. We show that, despite its expression of HY, MB49 fails to prime
for an HY-specific type 1 (IFN-vy) response in normal female mice. Al-
though MB49 does not constitutively produce IL-10, our data support a
model whereby MB49 induces infiltrating cells to produce IL-10. This
feature rendered the IL-10 knockout (KO) mouse, whose infiltrating cells
are incapable of IL-10 production, a suitable model in which to study
MB49 in the absence of IL-10. When injected into IL-10 KO mice, MB49
does prime for an HY-specific, type 1 immune response. Furthermore,
IL-10 KO mice show prolonged survival and an increased capacity to
reject tumors as compared with normal mice. We also tested the ability of
tumor-induced IL-10 to inhibit immunization to a non-tumor antigen
present at the tumor site. When vaccinia virus encoding3-galactosidase
(B-gal) is injected into the tumors of normal mice, noB-gal-specific IFN-y
response is mounted. However, when this same viral construct is injected
into the tumors of IL-10 KO mice, it produces a strong B-gal-specific,
IFN-y response. These studies demonstrate that tumor-induced IL-10 can
block the generation of a tumor-specific type 1 immune response as well
as subvert attempts to elicit a type 1 immune response to a non-tumor
antigen at the tumor site.

INTRODUCTION

ability to inhibit antigen-induced T cell proliferation indirectly by
down-regulating molecules found on professional APCs, which are
essential for T-cell activation (6—8). IL-10 also inhibits inflam-
matory cytokine synthesis by macrophages directly and can inhibit
human T cell proliferation directly by blocking IL-2 production at
the transcriptional level (9, 10). Furthermore, recent studies by
Grouxet al. (11) demonstrate that activation of antigen-specific T
cells in the presence of IL-10 drives the differentiation of these §
cells toward a T-helper phenotype that is capable of blocking 3
T-cell proliferation bothin vitro and in vivo. Thus, through a
variety of mechanisms, IL-10 can prevent the generation of a
productive cellular immune response.

We and others have reported the presence of IL-10 at the site oE
progressively growing tumors in a variety of human cancers,
including melanoma, non-small cell lung carcinoma, renal cell §
carcinoma, and bladder cancer (12-16). Moreover, increased IL-1C§'
serum levels have been reported in patients with melanoma, renag
cell carcinoma, and pancreatic, gastric, and colon adenocarcinom%
(17, 18). Given the well-documented capability of IL-10 to sup-
press cellular immune responses, one might speculate that th
observed IL-10 allows for progressive tumor growth by preventing ¢
the generation of a tumor-specific cellular immune response. How-
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activity of macrophages (19), inhibits cytotoxicity and cytokine
production by tumor-specific T cells (20), and blocks the presen-
tation of tumor antigens by APCs (21). These findings support the
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Immune responses are often categorized as either type 1 or typgidw that IL-10 plays a role in suppressing tumor-specific immune &

based on the profile of cytokines produced by both Clsd CD8"

responses and thus increases tumorigenicity. In contrast, severeg

T cells (1). A type 1 cytokine profile is most often associated withyydies using tumors genetically engineered to produce IL-10 haves
cell-mediated immunity, whereas type 2 cytokines favor the develoghown that constitutive IL-10 production at the tumor site can &

ment of antibody responses (2). Frequently, the effectiveness ofmylate a tumor-specific immune response and thereby decreass

given immune response depends on the type of response elicitedy @gorigenicity (22-25).
demonstrated by murineeishmania majowhere a type 1 response  The discrepancy between these findings is intriguing and remains tc.

01sen

clears the infection effectively, whereas a type 2 response fails 4q5rge degree unresolved. It is important to consider that the majorityg
resolve infection (3). It is believed that cell-mediated, type 1 rey gydies demonstrating an immunostimulatory role for IL-10 have &

sponses are also the most suitable for the eradication of maligngatq tumors en

cells (4, 5). Given that type 1 and type 2 responses have been sh

to cross-regulate one another, one mechanism that has been pr°p83ﬁgentration timing
as a means of immune evasion by tumors is the suppression of tyng ' !

gineered to produce IL-10 by gene transfection, whicﬁé
not mimic the natural production of IL-10 accurately in terms of ¥
and location. Nevertheless,vivo models

ctly demonstrating a role for IL-10 in the suppression of antitumor

responses via the preferential induction of type 2 cytokines at tn‘ﬁmunity remain limited. Here we describe a tumor cell line that does

tumor site.
IL-10° is a type 2-associated cytokine that has been shown

of mechanisms. Perhaps the best characterized of these is
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(‘tﬂrgparing the behavior of this tumor in normarsusiL-10 KO
mice, whose infiltrating cells are unable to produce IL-10, we provide

the firstin vivo evidence that tumor-induced IL-10 can prevent the
ggneration of atype 1 immune response directed at a tumor-associated

charges. This article must therefore be hereby masedartisemenin accordance with antigen. We report that in the absence of IL-10, animals show pro-

18 U.S.C. Section 1734 solely to indicate this fact.
1 This work was supported by USPHS Grants CA-42908 and CA-09683.

longed survival and an increased frequency of tumor rejection. Fi-

2 To whom requests for reprints should be addressed, at The Cancer Institute of Na@lly, we demonstrate that the immunosuppressive effects of tumor-

Jersey, 195 Little Albany Street, New Brunswick, NJ 08901.

3The abbreviations used are: IL, interleukin; APC, antigen-presenting cell; K
knockout; pfu, plaque-forming unit(s); DC, dendritic ceBCG, Bacillus Calmette-
Guain.

induced IL-10 are not limited to the tumor antigen, but can also block
The induction of a type 1 immune response specific for a non-tumor
antigen present at the tumor site.
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TUMOR-INDUCED IL-10 INHIBITS CELL-MEDIATED IMMUNITY

MATERIALS AND METHODS measured every 2-3 days with metric calipers by measuring the two largest
diameters. Mice were sacrificed when one diameter of the tumor becdne

Animals and Tumor. Female C57BL/6 mice, male C57BL/6 mice, andcm pecause at this point mice consistently became sick and lethargic. In our

female C57BL/6-IL10tm1cgn mice (IL-10 KO) were purchased at 3-5 weeksperience, no tumor with a single diameted.75 cm has ever been observed

of age from The Jackson Laboratory (Bar Harbor, ME) and maintained in oj¢f regress. The experiment was unblinded, and Kaplan-Meier survival curves

biosafety isolation animal suite for at least 1 week prior to use. The Institiyre tested for statistically significant differences, using the Mantel-Haenszel

tional Review Board of Thomas Jefferson University approved all animgdst for comparison of survival curves. Analysis was performed using WINKS

studies. The MB49 tumor cells (7,12-dimethylbenz[a]anthracene-induced dgxtistical Data Analysis software (TexaSoft, Cedar Hill, TX).

male C57BL/6 bladder epithelial cells) described originally by SummerhayesB_Ga| Immunization. Female C57BL/6 mice and female IL-10 KO mice

et al. (26), were obtained from Dr. Tim Ratliff, Washington University, Styyere immunized subcutaneously in the flank witt110° MB49 cells. After

Louis, MO, and carriedn vitro in our laboratory. 10 days, mice were injected with 152 10° pfu recombinant vaccinia virus
RT-PCR. Total RNA was extracted from cells or tissues using TR|ZOLexpressing thes-galactosidasegene (wp-gal: provided by Dr. Laurence

Reagent (Life Technologies, Inc., Gaithersburg, MD). cDNA synthesis Wa§sen|ohr, Thomas Jefferson University, Philadelphia, PA) in a total 0f00

performed by incubating fg of total RNA in diethyl pyrocarbonate-treated gjrectly into the tumor mass or subcutaneously into the flank opposite the

water, Random Primers (Life Technologies), and reverse transcription buffgmor. Control mice were injected with 1-2 10° pfu wwiB-gal subcutane-

(Life Technologies) at 65°C for 10 min and then cooling the mixture immqjus|y into the flank. Eight days after the WBfjal inoculation, the mice were

diately to 4°C. To this mixture, 10 mDTT (Life Technologies); 2.5 meach  g5rificed and the spleens removed. After at least two spleens were pooled per

of dATP, dCTP, dGTP, and dTTP (Life Technologies); and 500 U Oéroup, splenocytes were isolated as described above and restimulateg,

MMLV-RT (Life Technologies) were added to achieve a final sample volum@ X 10°) in quadruplicate wells of a 24-well plate with 20, 10, 5, op@/ml

of 50 ul. To complete the reverse transcription, samples were i”CUbatedsﬁiubleB-gal (Sigma Chemical, St. Louis, MO) in a total of 2 ml of complete

37°Cfor 1 h. ) ~ medium supplemented with 2-mercaptoethanol. Restimulation cultures wer
_For PCR, 5ul of cDNA were heated to 95°C for 5 min and then combinedye formed for 3 days at 37°C, 5% GGand superatants from quadruplicate

with PCR Reaction Buffer (Fisher SC‘IentIfIC, F_’ltts‘b_urgh, PA); 218 each of 0115 were pooled and analyzed for IFNHL-4, and IL-10 by ELISA, using

dATP, dCTP, dGTP, and dTTP (Fisher Scientific); 1.25 UT#q DNA  paireq antibodies purchased from PharMingen. As a positive control for ours

Polymerase (Fisher Scientific); 1.5nMgCl, (Fisher Scientific); and 0.pM | 4 | |SA, supernatants from MB49 cells infected with a vaccinia virus-IL-4
of the appropriate primer pair in MicroAmp reaction tubes (Perk'n'Elmefzonstruct were used as described above.

Norwalk, CT) to achieve a final sample volume of a0 Amplification of

samples was performed using the GeneAmp System 9600 thermocycler
(Perkin-Elmer). Each sample was denatured at 94°C for 30 s, annealed at Saolf-_:SULTS
for 30 s, and extended at 72°C for 30 s for 30 cycles. This was followed by a

10-min extension at 72°C. PCR products were analyzed by electrophoresis oj g49 Expresses the HY Antigen.Summerhayest al. (26) orig-
a 1.8% agarose gel and stained with ethidium bromide. Size markers (100—H

. . . ) Qlly described MB49 as a cell line derived by exposure of male 2
ladder; Life Technologies) were run adjacent to samples to confirm that Pé% . . . .

) . . . BI/6 bladder epithelial cells to the carcinogen dimethylbenz[a]an-
products were the expected sizes for each set of primers. Primer pairs u ec?

were as follows: HY sense, AAA TGC AGC TCG GAC CAA ATC: HY thracene. Because MB49 was derived from male bladder epithelium

antisense, CTG AAT GAT GTG AAG CTG TCB-actin sense, TGG AAT We examined the possibility that MB49 expresses the male transplan

CCT GTG GCA TCC ATG AAA C; ands-actin antisense, TAA AAC GCA tation antigen, HY (27). RT-PCR was performed on MB49, using

GCT CAG TAA CAG TCC G. primers that amplify a 250-bp fragment of HY containing the epitope
HY Restimulation Experiments. Female mice were immunized subcuta-recognized by HY-specific CTL clones (28). As shown in Fig. 1,

neously in the flank with either 50< 10° syngeneic male splenocytes orMB49 expresses HY mRNA when grovimvitro (Lane 3 andin vivo

1 X 10° MB49 cells. After 2 weeks, the mice were sacrificed and the Splee'QEane 4. Furthermore, although MB49 tumors grow progressively in

removed. After pooling at least wo spleens per group, splenocytes Wejgih male and female mice, immunization of female mice with syn-

isolated by repeated flushing with PBS followed by passage through a 40 m : .
CELLECTOR screen (Thomas Scientific, Swedesboro, NJ). Splenocy‘lé%é‘heIC male spleen cells protects against tumor growth upon subs

(7 X 10° were restimulated with syngeneic female or male splenocytes

(3 X 10°% in duplicate wells of a 24-well plate, in a total of 2 ml of complete

medium supplemented with 2-mercaptoethanol. Restimulation cultures w

carried on for 3 days at 37°C, 5% GQat which point supernatants from StdS ]. 2 3 4
duplicate wells were pooled and analyzed for IFN{L-4, and IL-10 by
ELISA, using paired antibodies purchased from PharMingen (San Diego, C;
As a positive control for our IL-4 ELISA, MB49 cells were infected for 2 h
with a vaccinia virus-IL-4 construct (made in our laboratory) and then culture
overnight to allow for IL-4 secretion by infected cells. Supernatants from the
cultures were assayed for IL-4 on the same plates as experimental superna
to confirm that the IL-4 assay was functioning properly. The detection limit ¢
our assay is 30 pg/ml.

Determination of IL-10 at Tumor Site in Vivo. Female C57BL/6 and
female IL-10 KO mice were immunized subcutaneously in the flank wit
1 X 10° MB49 cells. After 2 weeks, the mice were sacrificed and the tumol
removed. Tumor masses were homogenized into a single cell suspension u
a Pyrex tissue grinder followed by passage through amithylon cell strainer.
Single cell suspensions derived from tumors, as well as MB49 cells gro\
exclusivelyin vitro, were cultured at 5 10° cells/well in a total of 2 ml
complete medium in 24-well plates overnight at 37°C, 5%,C8upernatants
from duplicate wells were pooled and analyzed for IL-10 by ELISA, using Fig. 1. MB49 expresses the HY antigen. mMRNA was extracted from male sjilaea (
paired antibodies purchased from PharMingen. ;), female spleenL(ane 2, MB49 in vitro (Lane 3, and tumor tissue frqm MB49 grown

Tumor Growth Experiments. Female C57BL/6 mice and female IL-10 in female mice (ane 4. Samples were reverse transcribed and subjected to PCR using

. L. . R primers specific for a 250-bp fragment of HY containing the epitope recognized by
KO mice were injected subcutaneously in the flank wit .0° MB49 cells. HY-specific CTL clones. Primers specific for a 349-bp fragmengaictin were used for
Cages were given numerical codes to blind the experiment. Tumor size wasitive controls.
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TUMOR-INDUCED IL-10 INHIBITS CELL-MEDIATED IMMUNITY

A assayed in parallel (see “Materials and Methods”). Because MB49
IFN-gamma expresses the HY antigen, it might be expected to elicit a similar
HY-specific, type 1 immune response when injected into female mice.
20. However, as shown in Fig A2 immunization with MB49 followed by
restimulation with male spleen does not elicit a comparable JFN-
154 response. In contrast, IL-10 is produced in large quantities by spleno-
il cytes of MB49 immunized mice, although this IL-10 production does
g) 104 not appear to be HY-specific (FigB2 As will be discussed below,
. because MB49 induces IL-10 production, we cannot conclude that the
5] presence of IL-10 is an indication of a tumor-specific type 2 response.
Rather, failure to detect IL-4 would suggest that no tumor-specific
0/ type 2 response is mounted.
- male speen  MB49 IL-10 Is Present at the MB49 Tumor Site in Normal, But Not
primary immunization IL-10 KO Mice. Recently, our group has observed IL-10 production
by primary cultures derived from human bladder tumors (30). Given
B this finding, the presence of IL-10 in the spleens of tumor-bearing
IL-10 mice (see Fig. B), and the association of IL-10 with a myriad of other
124 types of cancer, we sought to determine whether IL-10 was present
10/ the tumor site in our MB49 system.

IL-10 is not detectable in supernatants of the MB49 cell line when
tested by ELISA (Fig. 3). The absence of IL-10 productiorvitro,
however, does not preclude the presence of this cytokine at the site
MB49 tumorsin vivo. In fact, other groups have reported that tumors
are capable of producing soluble factors that induce host cells
produce IL-10 (31, 32). To determine whether the growth of MB4

il male spleen  MBA49 ?n_duces IL_-lO productiorin vivo, normal and IL-10 KO mice were
| I [l injected with 1x 10° MB49 cells subcutaneously. Two weeks later,
primary mmunization tumors were removed, homogenized into single cell suspensions, an

Fig. 2. MB49 fails to prime for an HY-specific type 1 (IF)-response in normal mice. PUt into culture for 18 h. IL-10 was measured in culture supernatantsg
Female C57BI/6 mice were immunizO%d subcutarﬂeot;sf{y in2the flinkwilth eithftrﬂf by ELISA. If MB49 is capable of inducing IL-10 production by —
issmgfe'f';orgf’:g ;ﬁﬁﬁnefsgﬁnﬁ’éﬁ; grgfjii?a% ;'Iacezrimov"cﬁtusréﬁh‘fanl(occghﬁr‘&ere infiltrating cells, we predicted that only cell suspensions derived fromg
or without ©Epen columrjsrestimulation by syngeneic male spleen cells. After 3 dayshormal mice would secrete IL-10 because infiltrating cells in IL-10
culture supematants were tested by ELISA for IFiA), IL-10 (B), and IL-4. IL-4 was KO mice are genetically incapable of IL-10 production. As shown in
not detectable in efpenm_ental supematan’t’s despite our abl!lty to detect IL-4 in cont'L_oI . . . . B
supernatants (see “Materials and Methods”) and, therefore, is not shown. ig. 3, single cell suspensions derived from tumors established |n§

normal mice secrete IL-10, whereas those derived from IL-10 KO 3

mice do not. These data suggest that although MB49 does not producg
quent challenge with MB49.This indicates that in addition to gene|L-10 in vitro or in vivo, it induces infiltrating cells to produce IL-10.
expression, MB49 expresses the HY antigen in a manner thatTise possibility remains that a factor present in normal, but not IL-10
recognizable by the immune system of syngeneic female mice. Tk@, mice induces MB49 to produce IL-1fl vivo, and it is with this
expression of HY by MB49 and its growth in female mice enabled usveat that we use the phrase “tumor-induced IL-10” throughout thex
to use HY as a surrogate tumor antigen in subsequent studies. article. However, we view this possibility as highly unlikely and, for

MB49 Fails to Prime for an HY-specific Type 1 (IFN-y) Re-
sponse in Normal Female Mice.Rejection of HY-expressing male
skin grafts by female mice has been shown to be a cell-mediated 3.5.
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process requiring both CD4and CD8 T cells (29). In addition,

there is mounting evidence that a cell-mediated, type 1 response is 3

most suitable for the elimination of tumor cells (4, 5). Given the link 2.5

between a type 1 response and the rejection of both HY and of tumor '

cells, we studied the nature of the cytokine response to HY expressed g 21

on MB49 as a measure of antitumor immunity. First, it was necessary o 154

to characterize the normal cytokine response to HY. To this end, = 1

female C57BI/6 mice were injected with 50 10° syngeneic male |

spleen cells subcutaneously. After 2 weeks, the mice were sacrificed, 0.5 <015 <015
the spleens removed, and the splenocytes placed into culture for 3 0l

days with or without restimulation by syngeneic male spleen cells. MB49 invitto  MB49 from  MB49 from KO
After 3 days in culture, supernatants were tested by ELISA for the normal mice mice

type 1 cytokine, IFNy, and the type 2 cytokines, IL-4 and IL-10. Fig.
2 shows that immunization with male spleen cells leads to a male-

i ; ; Fig. 3. MB49 induces infiltrating cells to produce IL-10. Female C57BL/6 and female
SpeCITIC, IFN-y regponse (Fig. &) with very low Ievgls of the type 2 IL-10 KO mice were immunized subcutaneously in the flank with L.0° MB49 cells.
cytokine IL-10 (Fig. B). IL-4 was not detectable in these cultureSager 2 weeks, tumors were removed and homogenized into single cell suspensions.
despite our ability to detect IL-4 in positive-control supernatantingle cell suspensions derived from tumor, as well as MB49 cells grown exclugively
vitro, were put at 5% 10° cells/well in a total of 2 ml complete medium and cultured
overnight. Supernatants from duplicate wells were pooled and analyzed for IL-10 by
4 Unpublished observations. ELISA.
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TUMOR-INDUCED IL-10 INHIBITS CELL-MEDIATED IMMUNITY

IFN-gamma tumor, whereas all other tumors grew progressively to a size that
required sacrifice of the animals (Table 1). In contrast, 6 of 15 IL-10
KO mice rejected the tumor completely (after initial tumor take) and

16, remained tumor free for 11 weeks after tumor inoculation (Table 1).

144 To assay for the presence of long-lived antitumor immunity, mice

124 were rechallenged with an equivalent dose of MB49 as the original

10 tumor challenge on the opposite flank. All mice that had rejected

—é 8. tumor previously were resistant to subsequent tumor challenge,
E’ 6. whereas three of three naive normal controls developed progressively

n growing tumors (Table 1). Interestingly, three of three naive IL-10

KO controls grew tumors initially, but two of these three regressed

3‘ completely (Table 1), consistent with the enhanced ability of IL-10

KO mice to reject primary tumor challenge described above.

Naive ~ Male MB49  Male  MB49 MB49-assocated IL-10 Blocks a Type 1 (IFNy) Immune Re-

LSPIeen Y \sPleen Y] sponse Directed at a Non-Tumor Antigen Present at the Tumor
e g Site. Although our data demonstrate appropriate HY expression, to
Norm KO ensure that our observations were not somehow unique to this antigeg

_Fig. 4. MB49 does prime for an HY-specific type 1 (IF§-response in IL-10 KO as expressed by the tumor, we examined the immune response l‘fg)
;F:;ﬁ.v'\ji(tarT:iI;35570B>I</61r(1)2rsr?/ﬁ|gz:gich niglgcs’p’:‘e'gﬁ e 2o Supculaneously In fiother antigen present at the tumor site. Viral constructs carrying the
weeks, splenocytes were isolated, pooled within experimental groups, and placed f8gal gene have been shown previously to elicit a Thl (H)N-
culture with restimulation by either syngeneic fematgén columnsor male plack response top-gal in mice (35). Thus, we used a vaccinia virus
g)(;lgg:g;pleen cells. After 3 days, culture supernatants were tested by ELISA f8rarrying theB-gal gene (Wg-gal) to deliver-gal to the tumor site

and then studied the effect of tumor-induced IL-10 on the generation
of an immune response f®-gal.
the purposes of this study, the absence of IL-10 at the tumor site in th& o confirm that immunization with vy8-gal would lead to a type 1
KOs (Fig. 3) renders these animals a suitable model for study of tresponse under normal conditions, we injecteddwyal subcutane-
growth of MB49 in the absence of IL-10. The mechanism of IL-1@usly into female C57BL/6 mice, waited 8 days, and then restimulated
induction by MB49 presently is under investigation in our laboratoryhe splenocytesn vitro with soluble B-gal. Three-day supernatants

IL-10 KO Mice Are Able To Mount an HY-specific Type 1
(IFN-y) Immune Response to MB49.To test the hypothesis that the
tumor-induced IL-10 is responsible for the lack of an HY-specific 1

6.0 sjeusnolidee;/:dyy wouy p

Ued/

IFN-y response to MB49 (see FigAP we compared the immune _§
response to MB49 in normakrsuslL-10 KO mice. Female C57BI/6 e
normal or IL-10 KO mice were injected subcutaneously with either _ 3
50 X 10° syngeneic male spleen cells orxL10° MB49 cells. After g KO 3

. g = 0.5 a
2 weeks, the mice were sacrificed, the spleens removed, and the £ N
splenocytes placed into culture for three days with restimulation by @ 2
either syngeneic female or male spleen cells. After 3 days in culture, Normal g
the supernatants were removed and tested for both type 1 and type 2 2
cytokines by ELISA. Consistent with the results shown in Fig. 2, 0 ' ‘ ‘ ‘ %
normal mice do not mount an HY-specific IFNresponse after tumor 0 20 40 60 80 g
growth (Fig. 4), but do show nonspecific IL-10 production and no days after tumor injection ‘5

detectable IL-4 (data not shown). In contrast, IL-10 KO mice show a _. ) ) . N

L o . Fig. 5. IL-10 KO mice show prolonged survival after inoculation with MB49. Female
significant HY-specific IFNy response (Fig. 4). Increased nonspecs7gL/s normal mice and IL-10 KO mice were injected subcutaneously in the flank with &
cific IFN-vy production €.g., production after restimulation with fe- 1 x 10° MB49 cells. The experiment was blinded, and tumor size was determined every

; _ ; ; ; —3 days with metric calipers by measuring the two largest diameters. Mice were $
male spleen) was also observed in IL-10 KO mice, consistent with Frs”jaécrificed when one diameter of the tumor becanie5 cm because at this point mice Q

elevated spontaneous IFNproduction seen by others in these aniconsistently become sick and lethargic and there remained no chance for regression. IL-1§
mals (33, 34). However, it is important that in six of seven similaf© mice showed significantly prolonged survival compared with normal mice *
. . ™ . (P = 0.022; Mantel-Haenszel test). Analysis was performed using WINKS Statistical
experiments, |L-10.KO mice showed male'S.PEC'f'C IE’WO'dUCt'O”' Data Analysis software (TexaSoft). As shown, one normal and one IL-10 KO mouse died
whereas normal mice showed a male-specific response in only twoaoé late time point (75 days after inoculation) due to slow-growing tumors; however, it
seven similar experiments. These data suggest that the MB49-indu§é‘dﬂp°”am to note that all remaining mice were completely tumor-free at this time point
.. . e and were thus used in the rechallenge experiment (see Table 1).
IL-10 is indeed responsible for the absence of a tumor-specific, type
1 immune response in normal mice. o _
IL-10 KO Mice Show Prolonged Survival and an Increased o Tikgilzusgrnre'elcg)o” by normal I:’elrlsus ';—19:2 T;T\ABAlQ |
" : ormal (= an = mice were challenged wit cells,
Frequency of T!J.mor Rejection. To det.ermme Whether,the Presence g wmor growth was monitored,; all mice showed an initial period of tumor growth; those
of an HY-specific, type 1 response in the above mice altered th@tsubsequently rejected tumor and remained tumor-free at 11 weeks were re-challenged
growth of MB49 tumors, we compared the long-term survival ofith 1 % 10° MBA49 cells in the flank opposite initial challenge.

tumor-bearing normabersusiL-10 KO mice. IL-10 KO mice show Initial challenge Re-challenge
significantly prolonged survivaR = 0.022, Mantel-Haenszel test for Normal 1/15 1/1
comparison of survival curves) after inoculation with<110° MB49 Normal control§ 03

lis subcut ly (Fig. 5). IL-10 KO mice also showed MR 615 ol
cells subcutaneously (Fig. 5). IL- mice also showed an en- | 19 ko controld 213

h‘?nCEd ablhty to r?JeCt MB49 tumors when compared W'th_ normal athese mice were used as naive controls for side-by-side comparison with mice
mice. In normal mice, only 1 animal of 15 was able to reject the-challenged with MB49 after rejecting initial challenge.
914
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A DISCUSSION
IFN-gamma

MB49 is a murine transitional cell carcinoma that we have shown
to express the male-specific transplantation antigen, HY. Despite its

16- expression of HY, MB49 fails to prime for an HY-specific, type 1
141 1 (IFN-y) immune response. We have shown thatvivo growth of
124 || beta-gal restimulation: ~ MBA49 is associated with IL-10 production, most likely by infiltrating
- 10 , D0 ugl host cells. Given this finding, the availability of IL-10 KO mice of the
) 8 20 u/mil appropriate background, whose infiltrating cells are unable to produce
6 0110 ug/ml IL-10, allowed us to study the effect of tumor-induced IL-10. In IL-10
44 KO mice, MB49 primes for an HY-specific, type 1 (IFi-response.
24 rh : B Furthermore, IL-10 KO mice show prolonged survival and an in-
0 : . . L creased capacity to reject tumors after inoculation with MB49. These
naive vv  MB49 vv  MB49 findings demonstrate that tumor-induced IL-10 can block the gener-
N ff"" AN j;" J ation of a type 1 immune response directed against a tumor antigen
Norm KO and thereby can allow for progressive tumor growth. Finally, using a
recombinant vaccinia virus vector to deliver a model antigggdl) o
B to the tumor site, we show that the effects of tumor-induced IL-10 are3
IFN-gamma not limited to the tumor antigen, but also suppress the generation of ar?c;{
immune response directed at a non-tumor antigen present at the tumar
35. site. g
3 The profile of cytokines produced during an immune response;:jr
. . correlates with and may direct the response toward either cell-medi§
25 beta-gal restimulation: . . . . Q
ated immunity, termed type 1, which is marked by delayed-types
E 4 L0 ugimil hypersensitivity and CTLs, or humoral immunity, termed type 2, &
R B 20ng ol which is marked by antibody production. As the immune system hasé
14 B 10 g become more fully understood, it has become apparent thatpbef g\,
0.54 3 ugu immune response elicited is critical to the ultimate effectiveness ofg
04 that response. This concept is best illustrated by the example ofn‘éz

naive A% MB49 +

murine L. major. Resistant mouse strains mount a type 1 responses
vv(OF)

(characterized by IFNY to the parasite and effectively resolve the

Fig. 6. Tumor-induced IL-10 also blocks the generation of a type 1 ¢fhnmune  infection, whereas susceptible strains mount a type 2 response (cha
response directed atan_on—tumor_antigen present at the tumor_site. Female _C57BL/6 Beferized by IL-4 and ||__10) and as a result, die from infection (3)
and female IL-10 KO mice were immunized subcutaneously in the flank with 1I0° . .
MB49 cells. After 10 days, mice were injected with<110° to 2 X 10° pfu vacciniag-gal Responses tMycobacterium lepraglemonstrate that this same phe-
(wiB-gal; w) in a total of 100ul directly into the tumor massA) ogeinto ;hf iggo?ite nomenon exists in humans because patients with the lepromatou
I/I\E/IPBI(-gfglZ)u%ili?:n;ungI;Ei)ﬁtg?;érggnmé?éigstrz;r)lj:gffgr{;dvggl ilfwolculai(t)ion, mice \?vgre form of the _dlseas_e d'Sp'aY a type 2 re;ponse (”‘__4 and IL-10),
sacrificed and spleens were removed. After at least two spleens were pooled per gr&Mb,ereaS patients with the milder tuberculoid form of disease show a§
splenocytes were isolated anck410P splenocytes were restimulatéuvitro with 20, 10, type 1 response (IFN: Ref. 36). A more complete list of diseases 3
,‘;”Ogl;g ’;%m;ns;t’gg%?eﬂﬁﬁzﬁeg g;’gilsslfematams from quadruplicate wells Wergp o e the Th1/Th2 dichotomy plays an important role can be found in2

a recent review by Mosmann and Sad (1).
In tumor systems, a type 1 response is thought to be most effectiv
. for the eradication of malignant cells. Aruga al. (4) have demon-

were tested by ELISA for ',F_N’*' IL-10, and IL-4. As shown in F'_g' strated that CD3 tumor-draining lymph node cells that secrete a type
6_A’ the expectetﬁ_—gal-spemflc I_FN°” response was observed. Injec- profile of cytokines can mediate tumor regression in adoptive
tion of the same viral construct into a MB49 tumor mass (10 days aftgr notherapy, whereas those expressing a type 2 cytokine profile
inoculation with tumor cells) resulted in ng-gal-specific IFNy  rg ineffective. In humans, spontaneous regression of melanoma has
response. Consistent with prior experiments (see Fig. 2), these MBfReu, correlated with the presence of an elevated type 1 cytokines
bearing animals showed high levels of non-antigen-specific IL-10 a'ﬁgofile at the tumor site (5). Accordingly, we previously have pro- R
no detectable IL-4 (data not shown). In contrast, IL-10 KO miCggseq that one mechanism of immune escape used by tumors is the
showed gB-gal-specific response after immunization with thef#// preferential production or induction of type 2 cytokines at the tumor
gal even when immunization was performed directly into the MB4§e (12). The presence of these type 2 cytokines might serve to
tumor mass (Fig. 8). These data suggest that the failure of normakyppress an effective type 1 antitumor response and/or to promote an
tumor-bearing mice to mount a type 1 response t@gal present at neffective type 2 response.
the tumor site is due to tumor-induced IL-10. IL-10 is one such type 2 cytokine, which we and others have shown

To test whether the presence of tumor-induced IL-10 results int@be present in a wide variety of human cancers (12—16). Through its
systemic immune suppression in tumor-bearing animalg-gel was effects on APCs, IL-10 can block the development of a type 1 re-
injected subcutaneously into the opposite flank of the tumor-beariggonse, thereby favoring the development of a type 2 response (6—11).
animal and the response of the splenocytemtuitro restimulation The lack of tumor-specific IL-4 production in our studies indicates
with soluble 8-gal was examined. As seen in Fig8,@umor-bearing that there may not be development of a type 2 response in our system.
mice mount ap-gal-specific IFNy response that is equal to theRather, we observe that IL-10 suppresses the generation of a tumor-
response mounted by non-tumor-bearing controls, suggesting thatgpecific type 1 response without a concomitant increase in a measur-
effects of IL-10 are local and do not result in global immune suppreable type 2 response. This is consistent with several published reports
sion in the tumor-bearing animal. of IL-10 acting as a strict suppressor of various stages of the immune
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response. First, it has been reported that IL-10 can block the acment. Consistent with this are our own observations that treatment of
mulation of both macrophages and DCs at the tumor site (37, 38jtravesical MB49 witBBCG does not lead to the induction of MB49-
Because these APCs are thought to be crucial for the initiation of asecific CTLs> A similar situation exists in melanoma, where only
cell-mediated response, their absence could prevent the initiationapiecdotal evidence exists for the presence of systemic tumor-specific
immune responses specific for tumor-associated antigens. Secdmnune responses after localized treatment WBBG (42). Our
DCs that do reach the tumor site might be altered functionally adfiadings suggest that tumor-induced IL-10 may be one reason for the
consequence of exposure to IL-10. For example, studies have déailure of BCG to elicit tumor-specific cell-mediated immunity. The
onstrated that DCs treated with IL-10 show reduced capacity poesence (or absence) of other cytokines such as IL-2 and granulocyte
stimulate T cells and are capable of inducing antigen-specific anengmyacrophage colony-stimulating factor, although not examined in the
(39). Finally, tumor-specific T cells that become activated in thpresent study, may also contribute to the overall effectiveness of
presence of IL-10 may differentiate into Trl cells, as has been sugymunotherapeutic treatments. These and other cytokines will be
gested by Growet al. (11). These Trl cells have been shown t@xamined as we continue our analysis of the MB49 system.
suppress immune responses hathitro andin vivo. Determination of ~ Certain next-generation strategies of immunotherapy might also be
which of these or other mechanisms may be operative in our systémited by tumor-induced IL-10. Intralesional cytokine gene therapy,
is the focus of ongoing studies in our laboratory. presently in clinical trials in our group for melanoma, is one such
Our findings are consistent with several recent reports that suggagproach (43, 44). The goal of such therapy is to stimulate the
that IL-10 may interfere with antitumor immune responses in oth@rduction of tumor-specific immunity by providing cytokine(s) at the g
transplantable tumor systems. Q@i al. (37) have shown that suc- tumor site that are known to promote cell-mediated immunity. Thef_!
cessful vaccination with granulocyte macrophage colony-stimulatiedfectiveness of such an approach might be severely limited if IL-10&
factor gene-modified tumor cells occurs only when the IL-10 nois also present at the lesion site, potentially blocking or opposing the%
mally associated with this tumor is blocked by antisense. Failure éffects of the delivered cytokine(s). These limitations might be over-
block this IL-10 results in a lack of recruitment of DCs to the tumocome if an effective method of blocking IL-10 is devised and deliv- ‘z
site. Donawhcet al. (40) have demonstrated that the enhanced owtred along with the desired cytokine. Fortunately, the effects of§
growth of transplantable melanomas in UV-irradiated mice is due tomor-induced IL-10 that we observe in our system are local ratherg
IL-10. Finally, Hagenbauglet al. (41) have reported that transgenicthan global (Fig. 6). Therefore, other immunotherapeutic approaches
mice who overproduce IL-10 show accelerated tumor growth that canch as vaccination strategies that deliver tumor antigens at sitefs;
be slowed by addition of blocking antibody to IL-10. In the presentistant from the primary tumor, and thus away from tumor-induced &
study, we offer the first detailed analysis of the effect of tumoriL-10, are less likely to be affected.
induced IL-10 on the immune response directed against a tumoidn summary, our studies lend support to the hypothesis that pro-g
antigen. This is the first report in which the removal of tumor-induceduction/induction of IL-10 by tumor cells may reflect an escape
IL-10 is itself sufficient to allow for the generation of a tumor-specifianechanism used by tumor cells to avoid destruction by the immun
type 1 immune response and to allow for complete tumor rejectionsgstem. These findings highlight the importance of considering tumor-8
up to 40% of animals. induced IL-10 in the design of immunotherapeutic strategies aimed ak
Our data do not appear to be consistent with studies showing tganerating tumor-specific cell-mediated immunity and suggest that3
transfection of tumors with the IL-10 gene leads to an increaseeutralization of IL-10 may be key to the effectiveness of such 3
antitumor immune response and decreased tumorigenicity (22—25) tA¢rapies.
least two points may explain this apparent conflict. First, it is impor-
tant to note that the majority of studies correlating IL-10 with de;
creased tumorigenicity use IL-10-transfected tumors (22-25). SU%EKNOWLEDGMENTS
transfected tumors may not reflect the natural production of IL-10 we thank Dr. Laurence Eisenlohr for providing us with the Brgal
accurately in terms of concentration, timing, and location. We havenstruct, Dr. Claude Monken for helpful discussion and suggestions, an
circumvented this limitation by using a tumor that does not produ¢ansael Amjad and Mary Nguyen for technical assistance and support.
IL-10, but rather induces host cells to produce IL-10. By using this
tumor in syngeneic IL-10 KO mice, we were able to study the eﬁecﬁEFERENCES
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